We describe a novel class of missense suppressors that read the codons for lysine at two positions (211 and 234) in the trpA polypeptide of Escherichia coli. The suppressor mutations are highly linked to lysT, a gene for lysine tRNA. The results suggest that the suppressors are misacylated lysine tRNAs that carry glycine or alanine. The mutant codons are apparently suppressed better at position 211 than at position 234, indicating the existence of codon context effects in missense suppression.
We describe a novel class of missense suppressors that read the codons for lysine at two positions (211 and 234) in the trpA polypeptide of Escherichia coli. The suppressor mutations are highly linked to lysT, a gene for lysine tRNA. The results suggest that the suppressors are misacylated lysine tRNAs that carry glycine or alanine. The mutant codons are apparently suppressed better at position 211 than at position 234, indicating the existence of codon context effects in missense suppression.
In a previous paper, we described missense suppressors apparently derived from a serine tRNA gene and two others from unidentified genes (16) . Nevertheless, to date, all of the wellcharacterized missense suppressors in Escherichia coli are mutationally altered glycine tRNAs whose codon recognition properties have been changed (2, 4, 9, 10, 14-16, 18, 19, 23, 24 ; E. J. Murgola, unpublished data). For the most part, the structural changes causing suppression have been nucleotide substitutions in the anticodons of one of the three glycine isoacceptors (2, 4, 10, 23; E. J. Murgola, unpublished data). Recently, however, a novel cause of missense suppression was discovered: nucleotide insertion in the anticodon loop of a tRNA (24) . The extra nucleotide apparently causes an anticodon shift one nucleotide in the 3' direction (19) . No missense suppressors, however, are known to be misacylated mutant tRNAs, derived in a single mutational step from a wild-type tRNA.
Most of the above-mentioned glycine tRNA suppressors were selected for their ability to correct well-characterized trpA mutations in which the mutant codons correspond to position 211 of the trpA polypeptide. In wild-type E. coli, glycine is the amino acid at that position, and in all but one of the trpA mutants used, the mutant codon was related by a single-base change to one of the glycine codons (GGA, GGG, GGU, GGC). In the case of the exception, however, namely the lysine codon AAG, we described the isolation of two general classes of suppressors (9) . Those in class 1 are derived from an AGA/Gsuppressing mutant form of glyT tRNA that was present, by design, in the parent strain (glyT tRNA in wild-type E. coli codes for a GGA/Greading glycine tRNA). Members of class 2, however, were located roughly between purE and trp on the E. coli genetic map, a region that contains no glycine tRNA genes (1, 11, 22) . Furthermore, of the eight amino acids known to yield a functional alpha chain when they occur at position 211 (20, 27) , only threonine and asparagine can be specified by codons related to AAG by a single-base change. The purE-trp region of the chromosome, however, is not known to contain any genes for threonine or asparagine tRNA (1, 3, 11, 22) . It does, however, contain two copies of a gene for lysine tRNA (11, 13, 22) . Consequently, we considered the intriguing possibility that this class of AAG suppressors might contain misacylated mutant lysine tRNAs (9) . In support of that suggestion, this paper reports the genetic mapping and other characteristics of these suppressors.
(A preliminary report of these results was presented at the Tenth Annual Gulf Coast Molecular Biology Conference, Corpus Christi, Texas, January 19-21, 1979.) Using mutations in E. coli (mostly in trpA) and in bacteriophage T4, we have shown that the AAG suppressors are codon-specific. In particular, they do not read the following codons: AGA, UAA, UAG, GAA, GAG, and UGU. Hence, they appear to be tRNA suppressors or at least involved in tRNA-mediated suppression.
The ochre suppressors supG and Su+, are known to cause the insertion of a basic amino acid, presumably lysine, during polypeptide synthesis (7, 8, 12) . Su+, was reported to be an anticodon mutant of lysine tRNA (22) , and the wild-type gene has been designated lysT (1) .
Ozeki et al. (22) suggested that the ochre suppressor supL, reported as 65% cotransducible with gal (5), is allelic to Su+,. Furthermore, they demonstrated that there are at least two 918 NOTES genes for lysine tRNA at 16.5 min on the E. coli genetic map. supG has been placed very close to lysTon the map (1) and may be derived from one of the copies of lysT (Fig. 1) . As a rough indication of whether our AAG suppressors could be derived from lysT, we transduced a gal argE(Am) trpA(AAG211) strain to Gal+ using phage Pl lysates made from strains that each contained one of the ochre suppressors or an AAG suppressor. Gal+ transductants were then tested for Arg+ ( (25) .
To determine whether the AAG suppressors are dominant or recessive, we constructed suppressor strains containing F'152 ( Fig. 1) . In every case the presence of the F-prime did not prevent expression of suppressor activity. The presence of genes for lysine tRNA on the Fprime was verified by examining lysyl-tRNA from wild-type haploid and merodiploid strains by RPC-5 column chromatography. As expected (11, 21) , the presence of F'152 approximately doubled the amount of lysyl-tRNA. Since our missense suppressors were selected for their ability to read AAG, we wondered whether they could also read the other lysine codon, AAA. To obtain trpA(AAA211), we treated an auxotrophic strain containing trpA(GAA211) and a glyT-derived SuAAA/G with ethyl methane sulfonate and selected for prototrophs on glucose minimal medium. The prototrophs were screened, as previously described (14, 17) , for mutant trp regions that were suppressible to Trp+ by glyT(SuAAA/G) but not by suppressors of GAA. In this way, suppressed mutants were identified in which the trpA(GAA211) had been converted to trpA(AAA211). When the new trpA mutation was introduced into tonB-trp deletion derivatives of each lysT-linked AAG suppressor strain, all read AAA. This is the result expected of a misacylated lysine tRNA mutant. Furthermore, the result would seem to eliminate a mutant tRNAMet as the suppressor, since the simplest expectation is that an AAG-reading methionine tRNA would not also read AAA.
The recent selections for new codons corresponding to position 234 of the trpA polypeptide (17) enabled us to examine our lysT-linked suppressors for reading of the lysine codons at a second position in trpA. trp operons carrying trpA(AAA234) and trpA(AAG234) on the Fredericq episome (6, 17) were introduced by conjugation into tonB-trp deletion derivatives of each suppressor strain. The selection was for transfer of trpB+ (the gene immediately preceding trpA in the trp operon) independent of suppressibility of the trpA mutation. When the exconjugants were then tested for Trp+, that is, for suppression of the AAA and AAG mutations, each suppressor was found to suppress both mutations. This result, considered with the known amino acid requirements at position 234 (17, 27) , suggests that the AAG suppressors are inserting glycine or alanine at the mutant position during synthesis of the trpA polypeptide.
While examining the suppression of trpA(AAA234) and trpA(AAG234) by the lysTlinked suppressors, we noticed that at least two of the suppressors read the codons at position 211 better than at position 234. This conclusion was based on gross observation of relative growth of colonies on agar plates and cultures in liquid media and on the fact that insertion of either glycine or alanine at positions 211 and 234 results in equivalent growth rates (26) . If such apparent codon context effects in missense suppression are verified, the opportunity will be provided for interesting studies on the interaction of informational nmacromolecules during translation of the genetic code.
Our mapping results suggest that the AAG suppressors are allelic to both supG and supL. At this time, however, we cannot say from which of the two tRNALYs genes a given AAG suppressor is derived. Nevertheless, in the present study, we have obtained data that indicate that there are only two tRNALYS genes. In transductional crosses between AAG suppressors and either supG or supL, the missense and nonsense suppressors appear to be mutually exclusive; however, in some transductions, a very low percentage of transductants contain both suppressor activities. Such transductants, however, are unstable, able easily to lose one suppressor or the other. Furthermore, in attempts to induce AAG suppressors in strains containing supG or supL, we obtained double suppressor isolates, but they too were unstable. We suggest, therefore, that AAG suppressors (and ochre suppressors such as supG, supL, and Su+p) can be derived from either lysine tRNA gene but that one gene or the other must remain unmutated for cells to be viable. Double suppressor strains (AAG suppressor and ochre suppressor) apparently require a duplication of the lysT region, either induced by the transductional selection or selected in the mutagenesis experiments.
We conclude that our AAG suppressors are mutationally altered lysine tRNAs that act as suppressors of the trpA mutations because they are misacylated. Furthermore, from the fact that they suppress AAA and AAG at position 234 of the trpA polypeptide and from what is known of the amino acid requirements at that position (17, 27) , it appears that they are misacylated with either glycine or alanine. Experiments are in progress to test that conclusion. 
